This paper is prompted by and based on earlier research into developers' overconfidence as one of the main causes of spreadsheet errors. Similar to related research, the aim of the paper was to ascertain the existence of overconfidence, and then examine the possibility of its reduction by means of experimental treatment designed for the needs of the research. A quasi-experiment was conducted to this end, in which 62 students of the Faculty of Economics of the University of Novi Sad participated, divided into the experimental and control group. Participants of both groups developed domain free spreadsheets in two iterations each. After the first iterations, students in the experimental group were subjected to experimental treatment: they attended lectures on spreadsheet errors taxonomies supported by real-life examples, and about spreadsheet best practices in the area of spreadsheet error prevention.
"horror stories" (Aurigemma and Panko, 2014; Caulkins et al., 2007; EuSpRIG) . Panko states that a large portion of spreadsheet errors are never detected, and therefore calls spreadsheets "The Dark Matter (and Dark Energy) of Corporate IT" (Panko, 2013) .
In addition to the lack of adequate spreadsheet techniques related knowledge (Ferreira and Visser, 2012; Kulesz and Zitzelsberger, 2012) , self-learning and unawareness of the dangers and risks of the use of spreadsheets (Lawson et al., 2009; Powell et al., 2009a; 2009b) , the occurrence of spreadsheet errors is also greatly contributed to by developers' overconfidence (Panko, 2007; 2009; Raković, 2014) . Similar to related research, the aim of the paper was to examine whether overconfidence, and consequently number of spreadsheet errors, can be reduced by education on error taxonomies, providing examples of the consequences of spreadsheet errors from practice, and pointing to the best practices of spreadsheet error prevention.
In addition to the introduction, the paper is structured into five other section. Section 2 presents the results of related research that were used to define the research hypotheses and set up the research design. After the research design, described in Section 3, research results are presented in Section 4, and discussed in Section 5. Finally, Section 6 presents conclusive considerations, limitations of the conducted research and proposals for future research. In addition to the list of used sources, the paper also contains four appendices.
Related research
Using the domain-free (no need for particular domain knowledge) Wall problem (the task of creating a bid for wall construction, see Appendix 1), Panko (1996) conducted a study in which 72 students participated. Students created a spreadsheet for the Wall problem at home. In addition to developing their spreadsheets, the students filled in a questionnaire to assess their own spreadsheet knowledge, adequacy of their knowledge for resolving tasks, etc. The author included a control group as well, who created a spreadsheet for the same task, but in the classroom. Research results found that the first group of students (the experimental group who created spreadsheets at home) created 38 % incorrect spreadsheets and the other (control group) 30 %. Later, Panko confirmed his research results with his co-author Sprague (Panko and Sprague, 1999) , conducting an experiment with a bigger number of participants (152 students who created spreadsheets based on the Wall problem). In this research as well, the percentage of incorrect spreadsheets was higher than one-third (35 % incorrect spreadsheets). Irons (2003) conducted a study in which, in addition to Panko's Wall problem, he also used the Ball task (a task requiring more advanced knowledge of algebra, and therefore was not domain free). Having built two spreadsheet models, the participants were interviewed. The study only included 11 participants. The participants were students and academic staff (fellows). 18.18 % of spreadsheets built for the Wall problem contained errors, whereas the percentage of incorrect spreadsheets for Ball problem amounted to 71.42 %. Researching the types of errors (quantitative and qualitative errors), which can occur even within the domain-free spreadsheet problems, Teo and Tan (1999) used the modified Wall problem. The research included a total of 176 undergraduate business students, who attended a course in information systems. In the first part of the experiment, the students created spreadsheets at home, like in Panko's study (1996) . The second part of the experiment involved creating spreadsheets in the classroom, in order to establish whether there are differences between completing the task at home and in the classroom. The study included 168 developed spreadsheets for both parts of the experiment. In the first part, 41.7 % spreadsheets contained an error, whereas this number was somewhat higher in the second (50 % incorrect spreadsheets).
In addition to studying spreadsheet errors, the researchers also dealt with spreadsheet developers' overconfidence. The influence of awareness of the errors is prominent as one of the ways to influence the reduction in the number of errors. Benham and Giullian (2005) proved that the number of incorrect spreadsheets can be reduced if the spreadsheet developers are aware of the existence of spreadsheet errors. Panko (2007; 2009) points out that overconfidence is high among spreadsheet developers. In the study he conducted, he first proved spreadsheet developers' overconfidence, and then the fact that it can be reduced by warning of spreadsheet errors. Spreadsheet developers' overconfidence was also demonstrated in Raković (2014) , which was reached by analyzing the spreadsheets submitted by spreadsheet developers who participated in the study. In most cases, spreadsheet developers underestimated the number of errors, or were completely unaware of the existence of errors in their spreadsheets. Purser and Chadwick (2006) found that the ability to identify spreadsheet errors is directly correlated to spreadsheet experience and awareness of the existence of particular types of errors.
Although human errors are impossible to eliminate (Panko, 2008; Powell et al., 2008; 2009b) , influencing the spreadsheet developers' awareness of their existence, as well as the use of certain design guidelines by spreadsheet developers may influence the reduction of the number of errors, with simultaneous improvement of the quality of spreadsheets (Bewig, 2005; Raković, 2014) . Kulesz and Zitzelsberger (2012) point out that applying certain good practices and guidelines may improve the quality of spreadsheets, especially after modification of spreadsheets during their use. Some of the guidelines and good practices include: separated spreadsheets inputs and outputs (positions of cells containing inputs separated from the positions of cells containing formulas or functions into two wholes) (Bewig, 2005; Dunn, 2010; Raković, 2014; 2019) ; recommendation not to use constants (hard-coding, numbers in formulas) in formulas (isolating them into separate cells) (Dunn, 2010; Grossman and Özlük, 2004) ; set validation on cells for input (e.g. a cell can receive only integers which are in a certain range or only elements belonging to a list) (Bewig, 2005; Raković, 2014; 2019; Read and Batson, 1999) ; using as simple a formula as possible (separating complex formulas into several cells; the formula should contains as few operands as possible) (Colver, 2004; O'Beirne, 2010) and different formatting spreadsheet inputs and outputs (using different colors for background of cells containing the user's inputs and cells containing formulas or functions) (Raffensperger, 2003; Read and Batson, 1999) .
The above described studies and conclusions of individual authors served as the starting point for problem definition and research design. Most related studies used students as participants, which is a good basis for comparing research results. Students who participated in the study were divided into two groups. Both groups created the same spreadsheet for a problem that did not require additional knowledge except the use of spreadsheet programs. After developing the spreadsheets, only the first group of students attended lectures on spreadsheet errors and selected good practices of spreadsheet development. Then both groups once again created spreadsheets for the same domain free problem. The aim was to ascertain whether the lecture that the students attended influenced the number of errors and the quality of the developed spreadsheet. The purpose of the other group of students was to eliminate the possible influence of external variables on the results. A detailed description of research design is presented in the following section.
Research design
The following research hypotheses were defined based on the set research objective:
• H1 -If spreadsheet developers are informed about spreadsheet errors and taxonomies and good practices guidelines, they create spreadsheets containing a smaller number of errors.
• H2 -If spreadsheet developers are informed about spreadsheet errors, they will be less overconfident about the accuracy of their spreadsheets.
To examine the set research hypotheses, a quasi-experiment was conducted. The participants were third-year students of undergraduate studies of the Faculty of Economics of the University of Novi Sad. Before the experiment, within the course in Information Technologies, the students completed the elementary and advanced spreadsheet course.
The research design is schematically presented in Fig. 1 (the design was created based on Ristić, 2011, p. 107) . To control a possible influence of numerous external variables, two groups of students were used: experimental and control. The groups were not formed by randomizing; the existing groups of students were taken. As the Faculty of Economics of the University of Novi Sad teaches courses in two locations (the cities of Novi Sad and Subotica), students from Novi Sad were used as the experimental group, and students from Subotica were the control group. The students of both groups did not know each other, had a similar previous knowledge (they attended the same courses taught by the same lecturers in each location) and had a similar grade point average. They did not have experience in the use of spreadsheets except for what they acquired in the Information Technologies course. Both groups of students developed a spreadsheet for the Wall problem (based on Panko, 1996, described in Appendix 1) in two iterations. This is a domain free task, which does not require domain-specific knowledge from a specific area. In the Fig. 1 Schematic presentation of the research design specific case, the students were presented with a task to draft a calculation for a bid for building a wall of stone or brick. They were given only initial parameters, that are conditions regarding the number of workers, number of man hours required for the construction of the wall, the size of the wall, the workers' wages, cost price of brick and stone, and regarding the amount of the desired profit. Appendix 2 presents a possible solution to the problem.
Having created the spreadsheet, the students filled in the questionnaire shown in Appendix 3, based on Panko (1996) up on completion of the task. After the first iteration, only the experimental group of students were subjected to experimental treatment. The experimental treatment comprised a three-part lecture. In the first part, the students were informed about numerous examples of spreadsheet errors, the so-called "horror stories" (EuSpRIG; Raković, 2014) , for instance, an error caused by reformatting of a spreadsheet built in MS Excel resulted in the largest bankruptcy lawsuit in the history of the USA (Havenstein, 2008) . A minor administrative error (cut and paste) cost the Canadian company Trans Alta 24 million dollars (French, 2003) , etc. The students were advised that, although such stories appear, they are considered to be a mere tip of an iceberg, as many errors are never publicized do to fear of reputation damage, and many errors are not even detected. The second part of the lecture addressed the existing taxonomies of spreadsheet errors (Raković, 2014; Sakal et al., 2015; 2016a) . Four taxonomies were presented, which were elaborated in Sakal et al., 2016a; 2016b . For example, Powel et al. (2008 2009a; 2009b) divide errors into: logic errors, reference errors, hard-coding errors, copy / paste errors, data input errors, and omission errors. The third part of the lecture elaborating on good practice guidelines for creating spreadsheets Raković, 2014; 2019) . At the end of the experiment, within briefing about research results, students of both control and experimental group, as potential influencers of business life and corporate social responsibility (Binzberger, 2006; Tokarčíková et al., 2015) , were also informed about the significance of responsible creation and use of spreadsheets.
A total of 62 students participated in the study. The pretest (the first iteration of the quasi-experiment) was taken by 37 and test iteration 2 (the second iteration of the quasi experiment, conducted after experimental treatment) by 35 students from the experimental group. Within the control group, pretest was taken by 25, and posttest by 24 participants. The responses of participants (students) who did not participate in the posttest as well were ignored. As the size of the sample was not sufficient, Bootstrap method was applied (bootstrap results are mostly based on 1000 bootstrap samples).
Research results
The quasi-experiment was conducted in two iterations. Each iteration consisted of two parts: developing the spreadsheet and filling in the questionnaire. The following section first presents the research results based on the analysis of created spreadsheets, and then from the questionnaire.
Spreadsheets evaluation results
Based on the literature overview, eight categories were defined according to which spreadsheets created by students were evaluated:
1 (Leon et al., 2015; Powell et al., 2008; Przasnyski et al., 2011) , which can negatively influence the use of spreadsheets and may result in quantitative errors. Results show that more than two-thirds of spreadsheets within the pretest contained an error (68.57 % experimental group, 66.67 % control group). The results changed within the posttest, so that more than four-fifths of students from the experimental group created an accurate spreadsheet model, compared to somewhat more than onethird of students from the control group. Table 1 shows the distribution of errors belonging to the eight categories.
Appendix 4 gives a table that presents the results of bootstrap analysis (column sig (2-tailed)). There is no statistically significant difference between the control and experimental group in the pretest. The table clearly shows that the experimental treatment has the effect on the dependent variable (p < 0.05), which specifically means:
• Students who were subjected to experimental treatment create more accurate spreadsheet tables (p = 0.002).
• Students who were subjected to experimental treatment make a smaller number of hardcoding errors (p = 0.003).
• Students who were subjected to experimental treatment make fewer input errors (p = 0.007).
• Students who were subjected to experimental treatment use data validation to a greater extent (p = 0.006).
• Students who were subjected to experimental treatment separate inputs and outputs from the spreadsheet to a greater extent (p = 0.001).
• Students who were subjected to experimental treatment format model inputs and outputs differently (p = 0.008).
• Students who were subjected to experimental treatment use complex formulas to a smaller extent (p = 0.001).
Questionnaire results
Within the pretest, the average task completion time in the experimental group was 18.4, and in the control group 18.8 minutes. Both the experimental and the control group assessed the task of spreadsheet development as medium difficult. Individual average values and standard deviations are presented in Table 2 . Application of T-test for individual questions (questions 1, 2, 3, 4 and 6) in the questionnaire did not result in establishing statistically significant differences between responses in the pretest, which implies that the participants' knowledge of stories about errors, spreadsheet error taxonomies and good (Table 3) . When observing question five (Questionnaire, Appendix 2), regarding the participant's assessment whether their created spreadsheet contains errors, we find that most students, from both groups, believe that their spreadsheets contain errors. Based on hypothesis 2, which reads if spreadsheet developers are informed about spreadsheet errors, they will be less overconfident about the accuracy of their spreadsheets, two statistical hypotheses are set here:
• H20: Selfconfpre = Selfconfpost • H21: Selfconfpre > Selfconfpost.
The result of the application of McNemar test for the significance of changes on the experimental group (p = 0.008) shows that self-confidence about the accuracy of one's own spreadsheet models is higher before learning about spreadsheet error than after learning about spreadsheet errors (Tables 4 and 5 ). Therefore, statistical hypothesis H20 is rejected, and research hypothesis H2 is confirmed.
Discussion
In comparison with related researches (Benham and Giullian, 2005; Panko, 2007; 2009) , students who participated in the quasi-experiment showed approximately the same knowledge (experience) and self-confidence about their own spreadsheets. Research results show that before the experimental treatment, more than two-thirds of participants (68.57 %) created spreadsheets that contained errors. The errors were mostly in model setup, use of constants in the formulas, or in input. This is a very high level of incorrect spreadsheets if compared with related research (presented in Section 2): Panko (1996) -38 % incorrect spreadsheets; Irons (2003) 18.18 % incorrect spreadsheets; Panko and Sprague (1999) -35 % incorrect spreadsheets, and Teo and Tan (1999) with 41.7 % and 50 % incorrect spreadsheets. After the experimental treatment, more than fourfifths (82.86 %) of participants in the experimental group created accurate spreadsheets. The accuracy of spreadsheets in the control group did not differ much in the pretest and posttest: 33.33 % and 37.5 % accurate spreadsheets respectively. Spreadsheet developers subjected to experimental treatment create spreadsheets containing a lower number of errors in the setup. The use of constants in formulas in the beginning does not result in quantitative errors; however, during the use and modifications, they can often turn into a quantitative error. When the spreadsheet developers are informed about this type of errors, the use of constants in the formulas declines drastically (from 87.51 % to 11.43 %). Awareness of the errors also affects positively the quality of input, i.e. reduction in input errors. Data validation, setting certain limitations in input etc. can prevent incorrect inputs to a certain extent, and therefore, the use of data validation may affect the quality of spreadsheets positively. After the experimental treatment, the participants started using data validation. Separating cells containing inputs from wholes containing outputs (formulas or functions), as well as their different formatting may also affect spreadsheet usability positively. After the experimental treatment, the users started separating inputs and outputs more frequently and formatting them differently.
Getting to understand spreadsheet and its modification may be difficult if the spreadsheet contains complex formulas. Experimental treatment significantly affected the reduction in the number of spreadsheets containing complex formulas. Therefore, if the spreadsheet developers are aware of the specific negative consequences of spreadsheet errors, types of spreadsheet errors and good practices in creating and using spreadsheets, they will create more accurate, i.e. higher-quality spreadsheets.
Creating a spreadsheet for the Wall problem presented a medium difficult problem for participants, and their previous knowledge was sufficient for creating a bid in a spreadsheet. The participants assessed their own experience in working with Excel as very good. More than three-quarters of participants in the pretest believed that their spreadsheets did not contain errors, compared to somewhat fewer than three-quarters of participants in the posttest. The application of McNemar test for the significance of changes showed that users are more self-confident about the accuracy of their spreadsheet models before experimental treatment, which included hearing stories about specific spreadsheet errors, existing spreadsheet error taxonomies and good practices guidelines for creating spreadsheets. The experimental treatment affected spreadsheet developers' self-confidence (or overconfidence as Panko would term it). Therefore, as proved by Benham and Gullian (2005); Panko (2007; 2009) ; Raković (2014) and Purser and Chadwick (2006) , the study confirmed that spreadsheet developers aware of stories of spreadsheet errors, their taxonomies and good practices guidelines have a lower self-confidence regarding the accuracy of their spreadsheet models. In addition to self-confidence, the experimental treatment affected the opinion that the participants had about the claim that spreadsheet errors can be the cause of wrong business decisions. After the experimental treatment, spreadsheet developers believe to a greater extent that errors can affect decision making in organizations extremely negatively.
Based on the above discussion on the research results, it can be concluded that both research hypotheses are accepted, that is, spreadsheet developers aware of spreadsheet errors and taxonomies and good practices of spreadsheet development will create more accurate and higher-quality spreadsheets, and be less self-confident about the accuracy of spreadsheets.
Conclusion
Spreadsheets are mostly created by end users who lack adequate IT knowledge, and very often do not know most spreadsheet possibilities either. In addition, spreadsheet developers are overconfident and unaware of risks entailed by the use of these applications. If it is (almost) impossible to eliminate the creation and use of spreadsheets (user-developed applications), then they need to be placed under control in a way. If spreadsheet developers are well-informed about spreadsheet errors (specific examples and taxonomies), and good practices of spreadsheet creation, they will create higher-quality spreadsheets. Therefore, spreadsheet based courses also need to include topics about spreadsheet errors and good practices. Organizations basing their key business processes on user developed applications in spreadsheet programs should organize courses dealing with these subjects and create a strategy of managing this part of Shadow IT. The very awareness of the risks of spreadsheet errors is bound to affect positively the quality of developed spreadsheets. It is also important to note that participation in the quasi-experiment enabled students to acquire valuable experiences that will facilitate handling spreadsheets in their professional careers.
Limitations of the study and proposals for further research
Research design belongs to the group of quasi-experimental designs, because rather than dividing students into groups by random choice, existing groups were taken, which implicates a more lenient control of external variables. In addition to an insufficient number of participants, which was, in this research, compensated by the use of Bootstrapping, an improved design would require forming a control and experimental group by randomizing. Another deficiency that can be mentioned is participation of students instead of participants who are employed, and create and use spreadsheets in their job. So, the proposals for future research are to form two groups of users who use spreadsheets at their workplace and conduct the same experiment. In addition to the questionnaire, it would also be good to conduct a semi-standardized interview before and after control treatment, which would gather data that could be the subject of qualitative data processing. 
